Physics Contributions 



Original article 

A novel method for vaginal cylinder treatment 
planning: a seamless transition to 3D brachytherapy 

Hansh K. Malhotra, PhD, Vincent Wu, PhD, Zhou Wang, PhD, Sachin Patil, MD 

Deportment of Radiation Medicine, Roswell Pork Cancer Institute, Buffalo, USA 

Abstract 

Purpose: Standard treatment plan libraries are often used to ensure a quick turn-around time for vaginal cylinder 
treatments. Recently there is increasing interest in transitioning from conventional 2D radiograph based brachythera- 
py to 3D image based brachytherapy, which has resulted in a substantial increase in treatment planning time and de- 
crease in patient through-put. We describe a novel technique that significantly reduces the treatment planning time for 
CT-based vaginal cylinder brachytherapy. 

Material and methods: Oncentra MasterPlan TPS allows multiple sets of data points to be classified as applicator 
points which has been harnessed in this method. The method relies on two hard anchor points: the first dwell position in 
a catheter and an applicator configuration specific dwell position as the plan origin and a soft anchor point beyond the last 
active dwell position to define the axis of the catheter. The spatial location of various data points on the applicator's sur- 
face and at 5 mm depth are stored in an Excel file that can easily be transferred into a patient CT data set using window 
operations and then used for treatment planning. The remainder of the treatment planning process remains unaffected. 

Results: The treatment plans generated on the Oncentra MasterPlan TPS using this novel method yielded results com- 
parable to those generated on the Plato TPS using a standard treatment plan library in terms of treatment times, dwell 
weights and dwell times for a given optimization method and normalization points. Less than 2% difference was no- 
ticed between the treatment times generated between both systems. Using the above method, the entire planning process, 
including CT importing, catheter reconstruction, multiple data point definition, optimization and dose prescription, can 
be completed in ~5-10 minutes. 

Conclusion: The proposed method allows a smooth and efficient transition to 3D CT based vaginal cylinder brachyther- 
apy planning. 
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Purpose 

High Dose Rate (HDR) brachytherapy using vaginal cylin- 
ders is increasingly being used for delivering radiation 
dosage in the postoperative setting for several gynecolog- 
ic malignancies [1-8]. For endometrial cancer, hysterectomy 
followed by vaginal brachytherapy (VBT) offers similar lo- 
cal control with less toxicity as compared to adjuvant external 
beam radiation therapy (EBRT) to the pelvis [3,4]. When com- 
pared to interstitial brachytherapy or other applicator de- 
vices such as tandem and ovoids, VBT using vaginal cylin- 
ders offers additional advantages in its ease of placement, 
minimal discomfort to the patient and simplicity of treatment 
planning. Overall shorter treatment time, both total num- 
ber of treatments and time spent per session, as well as the 
relatively lower associated cost have further led to its being 
preferred modality for vaginal cylinder brachytherapy. 

In 2D radiograph based brachytherapy, simple treatment 
planning has traditionally been performed using standard 
orthogonal films to construct a treatment plan usually with- 



in a matter of minutes. Due to the fact that the applicator 
usually has only a single straight catheter and discrete rigid 
cylinder diameters, many centers create a standard plan li- 
brary in which the entire applicator geometry along with 
the necessary data points is stored on the treatment plan- 
ning system (TPS) itself for a quick recall and subsequent 
use as a patient plan without incorporating any other in- 
formation regarding organs at risk (OARs) or other patient 
related anatomical reference points during treatment plan- 
ning. X-ray films were usually used to verify the position- 
ing of the applicator in a patient and a quick quality as- 
surance to verify cylinder diameter. This made the entire 
process extremely efficient. 

Recently there has been increasing interest to move to 3D 
image based brachytherapy to allow for a more accurate vol- 
umetric assessment of the radiation dose delivered to the 
target (vaginal cuff) and nearby critical structures (such as 
bladder and rectum) [1,9,10]. The incorporation of 3D CT 
data into the treatment planning process, however, comes 
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at a potential cost of increased treatment planning time. This 
added time is related to having to identify and mark clin- 
ically relevant points for dose prescription and evaluation 
within the CT data set. As per the American Brachythera- 
py Society (ABS) reporting guidelines for endometrial can- 
cers, dose points need to be placed along the applicator sur- 
face as well as at a depth of 5 mm [9]. Since there is not 
a guaranteed benefit in plan quality or clinical outcome with 
the use of 3D based plans as compared to 2D based plans, 
there has been a reluctance to move to 3D brachytherapy 
for vaginal cylinders. 

A novel solution to this, which allows for the transition 
from 2D to 3D brachytherapy, but keeps planning time 
down, takes an advantage of the fact that radiation dose 
prescription as well as treatment plan reporting criteria are 
linked to the applicator rather than a patient specific 
anatomical point (viz. cylinder surface or at a depth of 5 mm 
into tissue). This allows for the creation of a treatment plan 
library in which the spatial coordinates for a set of dose 
points can be stored according to cylinder diameter, quick- 
ly recalled and overlaid on the patient's actual CT data set 
in a timely manner for dose prescription and plan evalua- 
tion. This process has worked with great success to keep 
planning times to a minimum. 

Over the last several years, new TPSs like Oncentra Mas- 
terPlan (ver. 3.3 SP3 from Nucletron B.V., Waardgelder 1, 
3905TH Veenendaal, PO Box 930, 3900 AX Veenendaal, The 
Netherlands) have been introduced to facilitate the transi- 
tion from 2D to 3D HDR brachytherapy. Unfortunately, the 
Oncentra MasterPlan TPS does not yet have an option to cre- 
ate a standard treatment plan library as outlined above. Each 
individual plan thus has to be developed from scratch, lead- 
ing to substantially longer planning times. 

We describe a simple, quick and efficient method for con- 
verting a pre-existing treatment plan library from Plato ver. 
14.3.5 TPS (a precursor) to the Oncentra MasterPlan system 
(ver. 3.3 SP3) and enhancing it further, so that it can even 
be overlaid on the patients CT data set and further cus- 
tomized to each particular patient, if needed. These plans 
contain all the necessary dose points for dose prescription, 
as well as plan evaluation. We expect a significant reduc- 
tion in planning time as well as potential reductions in plan- 
ning error and meaningful improvements in patient 
throughput. Moreover, the system makes it feasible to use 
volumetric indices for plan evaluation using the base 3D CT 
data set. 

Material and methods 

Every CT scan has its own coordinate system called pa- 
tient coordinate system that employs a DICOM origin, the 
location of which depends on the patient positioning dur- 
ing CT scanning. Because of its variability from patient to 
patient, this coordinate system is not very useful for the in- 
corporation of standard treatment plans. Oncentra Master- 
Plan also supports applicator coordinate system which 
utilizes a user defined origin. This user-defined origin is as- 
sociated with the treatment applicator and can be easily 
changed by the treatment planner. Since the radiation de- 
livery in these patients is associated with the dose delivery 



to the applicator cylinder surface or 5 mm from it, the ap- 
plicator coordinate system is more useful for the creation 
of standard treatment plan library. In addition, it can have 
multiple datasets associated to it allowing a creation of two 
separate sets of data points at the applicator surface and at 
a depth of 5 mm satisfying the ABS reporting guidelines for 
the endometrial cancers [9]. Our method of creating a stan- 
dard treatment plan library utilizes this coordinate system 
within Oncentra MasterPlan. The entire treatment plan li- 
brary is stored in a separate Microsoft Excel file, a vendor 
approved software which could be installed on Oncentra 
MasterPlan TPS. Using the standard "copy" and "paste" 
windows operations, it is possible to import and overlay 
a treatment plan from this standard plan library in a patient 
3D CT dataset. The imported data set then becomes a part 
of the patient treatment plan and can be used for treatment 
plan prescription as well as evaluation. 

In doing so, a library of treatment plans was created and 
stored on the Oncentra Master Plan TPS. Each plan was cus- 
tom-made to fit given clinical scenario based on various 
cylinder sizes (2.0, 2.5, 3.0, 3.5 cm diameter) and loading pat- 
terns (the number and location of active dwell positions). 
The treatment plan that matches the implant/ treatment 
geometry could then be selected when the patient arrives 
for treatment with minor modifications for dose calculation 
purposes as needed. 

Creation and importation of a plan library 
from Plato TPS 

The physicians at our institution are comfortable with 
the treatment plans that were previously created on Plato 
TPS (ver. 14.2) and in clinical use since more than a decade 
[6]. Thus, it was important to create standard treatment plans 
on Oncentra MasterPlan TPS with the same loading pattern 
and dose points defined on the applicator surface and 
at 5 mm. On Plato TPS, applicator points were defined on 
the surface of the cylinder while dose points were defined 
at 5 mm from the cylinder surface. Grouping of the points 
in this way was needed for operational purposes as Plato 
TPS did not support sub-classification of these points. Both 
points included the curve on the cylinder towards the tip 
of the applicator where it touches the patient's vaginal cuff. 
Since this information was already available in a digital for- 
mat on the Plato TPS, it was considered easier to extract and 
convert in a format suitable for Oncentra MasterPlan TPS. 
A dummy patient on Plato TPS was used to pull a standard 
vaginal plan from its plan library. This brought the catheter 
reconstruction information, dwell stepsize used, the ap- 
plicator points and dose point coordinates from the stan- 
dard plan into the new treatment plan. Using the "jot" 
program on the Plato TPS, the entire treatment plan was 
digitally captured in an ASCII format and saved. All of the 
above points (at applicator surface and at 5 mm distance 
from it) were correlated with the catheter reconstruction 
points in relation to the current origin in the plan which was 
recorded for proposed Oncentra MasterPlan TPS plan li- 
brary. The treatment plan origin coincides with one of the 
active dwell position in the plan and forms the second fixed 
anchor point to be used during subsequent patient treatment 
planning on Oncentra MasterPlan TPS. The process was re- 
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peated for all of the stored treatment plans on the Plato TPS 
for various cylinder diameters and active dwell position con- 
figurations. These files were then remotely copied over to 
the windows environment using standard ftp commands 
and subsequently imported in an Excel file. 

Creation of a plan library in Excel 

To conform to Oncentra MasterPlan TPS coordinates 
system, the y and z coordinates coming from Plato TPS in 
the above Excel file were transposed. Additional columns 
were added to each point as per the Oncentra MasterPlan 
TPS requirement which include "Coord. System", Act. Dose 
(cGy), Act. Dose (%), Normalization, Norm. Dose, Opti- 
mization, Pt. Rel. Dose and Opt. Weight. It was important 
to make sure that the value under the Coord. System is set 
to "Applicator" to ensure that these points are interpreted 
correctly by Oncentra MasterPlan TPS. Act. Dose (%), Norm. 
Dose (%), Opt. Rel. Dose, Opt. Weight columns should all 
have 100 as the entry as these are the default values used 
by Oncentra MasterPlan TPS. Actual Dose (cGy) column 
could contain the most common dose prescription value in 
use in the clinic. Normalization and optimization columns 
could be set to "yes" or "no" on a data set (surface or at 
5 mm) depending upon the user's preference. The actual 
dose prescription value and the choice of dose points for pre- 
scription and optimization (surface or at 5 mm depth from 
the applicator) can be changed on the fly in Oncentra Mas- 
terPlan TPS allowing for customization of the treatment 
plans at the time of planning. It is important that each row 
and column should have the data to ensure windows paste 
command is honored by Oncentra MasterPlan TPS. 

The process was repeated for all the cylinder diameters 
(2.0, 2.5, 3.0 and 3.5 cm) and different number of dwell 
positions being used as part of proposed standard plan li- 
brary. Once created and verified independently, the Excel 
file was password protected for any inadvertent changes. 
This Excel file, when used in conjunction with patients CT 
scan in a manner described below, can help in reproduc- 
ing the standard treatment plan on to actual patient CT slices 
and provide the necessary points for dose prescription and 
evaluation to conform to MD prescription and reporting 
standards. This completes the base work needed to port 
the standard treatment plan library from Plato TPS to On- 
centra MasterPlan TPS. 

Recalling a plan from standard library 

This new method relies on definition of three anchor 
points, two of which are fixed in nature while one is visu- 
al and useful to define the length of the active catheter. 
The first fixed anchor point is the location of first dwell po- 
sition from the tip of the applicator. We still use the exist- 
ing stainless steel vaginal cylinder applicators, where it is 
impossible to view the X-ray markers position in the CT data 
set and hence alternative imaging methods were needed to 
properly determine the first dwell position in a catheter. 
We acquired orthogonal radiographic films for all the cylin- 
der diameters after setting them in a shape as if they are 
about to be implanted in a patient. A 5 mm bolus was 
wrapped around the superior end of the applicator followed 



by a thin copper wire, so that points at 5 mm could be seen 
easily on the images. We also placed standard X-ray mark- 
ers in the applicator and determined the location of the first 
dwell point from the external tip end of the applicator. We 
felt it was necessary to verify this for quality assurance and 
documentation purposes. In our case, this distance was 
found to be 6.5 mm (average, range 6.25-6.75 mm). This lo- 
cation served as the first fixed anchor point. For clinics which 
have CT/MR compatible vaginal applicators, they can view 
the X-ray marker in the CT scan itself and can use that as 
the first anchor point. 

When a patient comes for vaginal brachytherapy, a CT 
scan with the applicator in treatment position is obtained 
and exported to Oncentra MasterPlan TPS. These images 
are then imported into its database. The brachytherapy plan- 
ning option within Oncentra TPS is selected and the trans- 
verse, sagittal and coronal views are pulled in ECS (Extra 
Coordinate System). The applicator axis is oriented along 
the superior-inferior axis of the ECS and a point corre- 
sponding to first dwell position is defined 6.5 mm from 
the tip of the applicator bisecting the applicator longitudi- 
nally. This is our first hard anchor point. The second (soft) 
anchor point is defined 2-3 cm below the inferior most ac- 
tive dwell position to be used for the patient. This point de- 
fines the maximum catheter length and maximum active po- 
sition which could be used during subsequent treatment 
planning. Its actual longitudinal position on the applicator 
is not important as long as it is centered along the horizontal 
(short axis of the catheter) and allows enough space for the 
desired number of active dwell positions. Now the catheter 
definition option is used and a catheter is defined from 
the first hard anchor point to the second soft anchor point. 
The required active dwell positions are activated and the 
ECS coordinate system is moved to its third anchor point, 
the point at which the original Plato TPS plan had an ori- 
gin (the second fixed anchor point). An applicator data point 
set is created and named as "surface" and the respective 
points defined on the surface of the applicator are copied 
and pasted from the Excel work sheet created earlier. Upon 
importing into Oncentra MasterPlan TPS, their positions are 
seen on the ECS views and their spatial locations are ver- 
ified. Another applicator data set is created and named 
appropriately to show that it contains points at 5 mm from 
the applicator. Depending on physician's prescription or pro- 
tocol requirement [11], either of the data set ("surface" or 
"5 mm") could be used for treatment plan optimization, dose 
prescription and normalization. The treatment plan can 
now be evaluated, approved, printed and exported to the 
treatment unit in a standard manner. The treatment plan 
reporting satisfies the ABS reporting guidelines for high- 
dose-rate brachytherapy for carcinoma of the endometri- 
um requirements [9] . 

Results 

Tables 1, 2, 3 and 4 show the coordinates of the points 
on the applicator surface and at a distance of 5 mm for 2.0, 
2.5, 3.0 and 3.5 cm cylinder diameter, respectively. The lo- 
cation of the dwell position coincident with the origin of the 
treatment plan is also included. The table is categorized 
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Table L Standard treatment plan library with first 7 active dwell positions for 2.0 cm cylinder diameters for stain- 
less steel vaginal cylinder applicator (Nucletron). Included are coordinates of the points on the applicator sur- 
face and at a depth of 5 mm from the applicator surface; also included is the location of the dwell position coin- 
cident with the origin of the treatment plan. It is important to know that in this table the dose values shown 
at cylinder surface and at 5 mm from it are for representative purposes only. Their actual values will change 
based on the dose-prescription, normalization as well as optimization selected by the user on the fly 



Origin = 3 rd dwell position 


Applicator pts - surface 


Name 


x[mm] 


y [mm] 


z[mm] 


Coord. 


Act. dose 


Act. dose 


Normali- 


Norm. 


Optimi- 


Opt. rel. 


Opt. 










system 


[cGy] 


(%) 


zation 


dose (%) 


zation 


dose 


weight 


Al 


0.0 


16.5 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A2 


3.5 


15.8 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A3 


6.2 


14.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A4 


8.2 


11.5 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A5 


9.2 


9.2 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A6 


10.0 


5.2 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A7 


10.0 


0.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A8 


10.0 


-5.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A9 


10.0 


-15.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A10 


10.0 


-10.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


All 


10.0 


-20.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


Applicator pts - 5 mm from applicator surface 


Name 


x[mm] 


y [mm] 


z[mm] 


Coord. 


Act. dose 


Act. dose 


Normali- 


Norm. 


Optimi- 


Opt. rel. 


Opt. 










system 


[cGy] 


(%) 


zation 


dose (%) 


zation 


dose 


weight 


A12 


0.0 


21.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A13 


3.0 


20.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A14 


5.5 


19.3 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A15 


8.1 


18.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A16 


10.0 


16.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A17 


12.0 


14.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A18 


13.5 


11.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A19 


14.8 


8.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A20 


15.0 


5.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A21 


15.0 


0.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A22 


15.0 


-5.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A23 


15.0 


-10.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A24 


15.0 


-15.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 





based on the applicator diameter and number of active dwell 
positions used in a treatment plan. This table uses the first 
7 active dwell positions from the tip of the applicator with 
a source step size of 5 mm. For clarity in publication, this 
single worksheet from the Microsoft Excel has been broken 
down into 4 separate tables. Similar tables were generated 
for different number of active dwell positions in use in the 
department. In this table, the most important parameters 
are the x, y, z coordinates of various points and their clas- 
sification as "applicator points" as remaining parameters 
will change based on the dose-prescription, normalization 
and optimization selected by the user at the time of treat- 



ment planning. However, having all the items together 
makes it easy for the Oncentra MasterPlan to accept them 
using windows standard "copy" and "paste" commands. 
Figure 1 shows a sample treatment plan from our plan 
library that was generated using standard dosimetry tech- 
niques on the Oncentra MasterPlan TPS and then super- 
imposed on a CT scan of a patient who was treated with 
a 3 cm vaginal cylinder. The treatment plan consists of a sin- 
gle catheter with first 7 active dwell positions with a step size 
of 5 mm. Also shown are the points defined on the appli- 
cator surface and at a depth of 5 mm. The congruence of these 
points in relation to applicator can be easily seen as well. 
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Table 2. Standard treatment plan library with first 7 active dwell positions for 2.5 cm cylinder diameters for stain- 
less steel vaginal cylinder applicator (Nucletron). Included are coordinates of the points on the applicator sur- 
face and at a distance of 5 mm; also included is the location of the dwell position coincident with the origin 
of the treatment plan. It is important to know that in this table the dose values shown at cylinder surface and 
at 5 mm from it are for representative purposes only. Their actual values will change based on the dose-pre- 
scription, normalization as well as optimization selected by the user on the fly 



Origin = 4 th dwell position 












Applicator pts 


- surface 












Name 


x[mm] 


y [mm] 


z[mm] 


Coord, 
system 


Act. dose 
[cGy] 


Act. dose 
(%) 


Normali- 
zation 


Norm, 
dose (%) 


Optimi- 
zation 


Opt. rel. 
dose 


Opt. 
weight 


Al 


0.0 


21.5 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A2 


5.0 


20.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A3 


9.3 


16.5 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A4 


11.8 


11.5 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A5 


12.5 


5.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A6 


12.5 


0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A7 


12.5 


-5.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A8 


12.5 


-10.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A9 


12.5 


-15.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


Applicator pts - 5 mm from applicator surface 


Name 


x[mm] 


y [mm] 


z[mm] 


Coord, 
system 


Act. dose 
[cGy] 


Act. dose 
(%) 


Normali- 
zation 


Norm, 
dose (%) 


Optimi- 
zation 


Opt. rel. 
dose 


Opt. 
weight 


A10 


0.0 


26.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


All 


4.5 


25.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A12 


9.6 


22.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A13 


12.5 


20.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A14 


15.5 


16.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A15 


16.4 


13.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A16 


17.0 


10.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A17 


17.5 


5.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A18 


17.5 


0.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A19 


17.5 


-5.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A20 


17.5 


-10.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 





The treatment plans generated on the Oncentra Master- 
Plan TPS using this novel method yielded results comparable 
to those generated on the Plato TPS, using a standard treat- 
ment plan library in terms of treatment times, dwell weights 
and dwell times for a given optimization method and nor- 
malization points. A maximum of 1.4% difference was no- 
ticed between the treatment times generated among both the 
systems. It is important to remember that in Plato TPS the 
standard plan library feature has both the applicator re- 
construction and definition of applicator and dose-points as 
a single entity. Such a rigid arrangement provides consis- 
tent results in terms of treatment times per plan once source 
strength has been corrected for decay. In our method on On- 
centra MasterPlan TPS, definition of catheter reconstruction 
and applicator points are two independent events. They are 
combined together using user defined origin which can only 
be placed by using mouse. Despite maximum zooming, 



a slight difference between ideal and actual plan is possible 
due to mouse placement errors which results in slightly dif- 
ferent results on case by case basis and explains the slight 
difference seen between Plato and Oncentra MasterPlan TPS 
results. To study the exact magnitude of these differences, 
10 plans each for 2.5, 3.0 and 3.5 cm cylinder diameter were 
studied (we haven't yet treated a 2.0 cm cylinder diameter 
patient and hence do have a CT data set of a patient). 

The treatment times generated for each case were nor- 
malized to deliver 10 Gy to the vaginal surface for a 10 Ci 
Ir-192 source. The respective, mean time in seconds and the 
standard deviation (± SD(%)) were found to be 202.4 sec 
± 0.5%, 262.2 sec ± 0.7% and 320.7 sec ± 0.8%. These results 
demonstrate that the differences between different planners 
were very small. 

Three different planners were asked to do a treatment 
plan with 2.5, 3.0 and 3.5 cm cylinder with conventional 
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Table 3. Standard treatment plan library with first 7 active dwell positions for 3.0 cm cylinder diameters for stain- 
less steel vaginal cylinder applicator (Nucletron). Included are coordinates of the points on the applicator sur- 
face and at a distance of 5 mm; also included is the location of the dwell position coincident with the origin 
of the treatment plan. It is important to know that in this table the dose values shown at cylinder surface and 
at 5 mm from it are for representative purposes only. Their actual values will change based on the dose-pre- 
scription, normalization as well as optimization selected by the user on the fly 



Origin = 3 rd dwell position 












Applicator pts 


-surface 












Name 


x[mm] 


y [mm] 


z[mm] 


Coord, 
system 


Act. dose 
[cGy] 


Act. dose 
(%) 


Normali- 
zation 


Norm, 
dose (%) 


Optimi- 
zation 


Opt. rel. 
dose 


Opt. 
weight 


Al 


0.0 


16.5 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A2 


5.7 


15.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A3 


10.3 


11.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A4 


12.7 


7.7 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A5 


14.0 


4.7 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A6 


15.0 


0.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A7 


15.0 


-10.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A8 


15.0 


-20.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


Applicator pts - 5 mm from applicator surface 


Name 


x[mm] 


y [mm] 


z[mm] 


Coord, 
system 


Act. dose 
[cGy] 


Act. dose 

(%) 


Normali- 
zation 


Norm, 
dose (%) 


Optimi- 
zation 


Opt. rel. 
dose 


Opt. 
weight 


A9 


0.0 


21.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A10 


6.7 


20.2 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


All 


10.4 


17.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A12 


15.0 


13.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A13 


18.7 


5.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A14 


20.0 


0.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A15 


20.0 


-5.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A16 


20.0 


-10.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A17 


20.0 


-15.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A18 


20.0 


-20.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 



method as well as proposed method. The time needed to 
generate an acceptable treatment plan was measured using 
a stop watch. This time did not account for the importing 
CT scans as they were already in the system. Moreover, 
the time for pushing the treating plan to the treatment ma- 
chine and printing the plan was also not included as they 
will be common regardless of the planning method chosen. 
The respective planning times were 9.3 ± 0.2 minutes vs. 4.9 
± 0.3 minutes showing an advantage of ~53 %. It is impor- 
tant that the proposed method also improves the consistency 
of dose points definition at the cylinder surface, as well as 
at 5 mm from it and hence the dose delivery accuracy from 
patient to patient. 

Discussion 

Vaginal cylinder HDR brachytherapy has been used with 
increasing frequency in the treatment of endometrial can- 
cer, cervical cancer and cancer of the vagina. Despite sig- 
nificant technological advances in medical imaging, exter- 
nal beam radiation, treatment planning and delivery, few 



changes have occurred in planning and delivery of vaginal 
cylinder brachytherapy. Though multi-channel catheter 
based vaginal applicators have been suggested by some 
users, single catheter based applicators remain the most com- 
mon applicator for these treatments [12]. In the clinic, the 
added cost of more sophisticated CT/MR based applicators 
which have a limited life-expectancy and may require fre- 
quent expensive replacements, the latest 3D brachytherapy 
planning systems, as well as the physics/ dosimetry staff re- 
quired to manage them, has made it difficult to transition 
to 3D brachytherapy, particularly in the absence of any 
proven or expected clinical benefit. Despite these obstacles, 
there is a desire to incorporate the available 3D information 
in modern planning [10]. Our proposed library-based 
technique provides an easy method that uses existing re- 
sources to migrate from 2D to 3D brachytherapy with min- 
imal changes in the work flow and without requiring the pur- 
chase of additional equipment. Although additional time is 
needed to contour organs at risk and determine dosimetric 
indices (for example D 2cc , D lcc , D 01cc ) as per GEC-ESTRO 
guidelines, the proposed method will significantly reduce 
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Table 4. Standard treatment plan library with first 7 active dwell positions for 3.5 cm cylinder diameters for stain- 
less steel vaginal cylinder applicator (Nucletron). Included are coordinates of the points on the applicator sur- 
face and at a distance of 5 mm; also included is the location of the dwell position coincident with the origin 
of the treatment plan. It is important to know that in this table the dose values shown at cylinder surface and 
at 5 mm from it are for representative purposes only. Their actual values will change based on the dose-pre- 
scription, normalization as well as optimization selected by the user on the fly 



Origin = 4 th dwell position 












Applicator pts 


- surface 












Name 


x[mm] 


y [mm] 


z[mm] 


Coord, 
system 


Act. dose 
[cGy] 


Act. dose 
(%) 


Normali- 
zation 


Norm, 
dose (%) 


Optimi- 
zation 


Opt. rel. 
dose 


Opt. 
weight 


Al 


0.0 


21.5 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A2 


4.5 


21.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A3 


7.8 


20.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A4 


12.5 


16.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A5 


16.3 


10.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A6 


17.5 


5.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A7 


17.5 


0.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A8 


17.5 


-5.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A9 


17.5 


-10.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


A10 


17.5 


-15.0 


0 


Applicator 


1000 


100 


no 


100 


no 


100 


100 


Applicator pts - 5 mm from applicator surface 


Name 


x[mm] 


y [mm] 


z[mm] 


Coord, 
system 


Act. dose 
[cGy] 


Act. dose 
(%) 


Normali- 
zation 


Norm, 
dose (%) 


Optimi- 
zation 


Opt. rel. 
dose 


Opt. 
weight 


All 


0.0 


26.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A12 


6.5 


25.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A13 


10.5 


23.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A14 


16.0 


18.5 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A15 


19.0 


15.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A16 


22.0 


10.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A17 


22.5 


5.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A18 


22.5 


0.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A19 


22.5 


-5.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 


A20 


22.5 


-10.0 


0 


Applicator 


700 


100 


yes 


100 


yes 


100 


100 





the overall planning time to only slightly more than the time 
required for standard 2D planning. It is important to know 
that GEC-ESTRO indices need not be defined at the time of 
the treatment planning, but could be easily handled on ret- 
rospective basis as this is done for dose reporting purpos- 
es, not for modifying the treatment plans. This also may re- 
duce treatment planning times and maintain patient 
through-put. 

Another advantage of this method is that the process 
could be easily adapted for non-standard geometries that 
are patient and disease specific. Additional dose-points at 
surface or at 5 mm or at any other location could be easily 
added either as an extension of existing points using ap- 
plicator coordinate system or even dropping them direct- 
ly, using existing CT scans using patient coordinate system. 
This is due to the fact that the critical geometry part of defin- 
ing points is on the round part towards the tip of the ap- 



plicator (i.e. the first ovoid in the applicator) which is well 
defined by this method. 

Conclusions 

According GEC-ESTRO Guidelines, the transition from 
2D to 3D image based planning for vaginal cylinder HDR 
brachytherapy requires segmenting of various organs at risk 
as well as measurement of new dose volume parameters 
(D 2cc , D lcc , D 0 lcc ) in addition to the standard reported 2D 
dose points for bladder, rectum etc. This increases planning 
time and effort in the absence of an expected benefit in clin- 
ical outcome. Despite this, it is important to continue sup- 
porting the transition to 3D planning, because the collec- 
tion of volumetric data is an essential step in determining 
more accurate dose limits for organs at risk as well as for 
estimating the probability of treatment related toxicity. This 
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Fig. 1. A screen capture showing the dose-points overlaid on a patient CT scan. Also shown are the isodose curves and other 
relevant information 



may allow for customization of plans to better suit patients 
in the future. This may even help in the comparison of mul- 
ti-channel based applicators versus single catheter based ap- 
plicators as well as the importance of angle of insertion (nat- 
ural versus parallel to the treatment couch) of these devices 
in a patient's cavity in a scientific manner. 

The proposed method involves creation of a standard 
plan library in Microsoft Excel along with simple windows 
operations of "copy" and "paste", could improve work flow 
efficiency, decreases overall planning time to approximately 
5-10 minutes and reduces the chance for planning related 
errors. Though the method has been tested successfully on 
standard stainless steel vaginal applicator (Nucletron), it can 
be used with any other similar applicator as well and could 
be easily implemented in any Radiation Oncology depart- 
ment. The system is in use in our department since last 
1.5 year and has been found to be very useful. 
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